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3.  K.  Leohenbrueh 

AB3THAg 

In  a ay  tote  boablag  nuiurir  In  which  eight  11m  and  flight  lisa  prior 
to  pull. ifi  do  not  oolnclda,  an  lepaet  arror  raaolta.  The  leeount  of  thle  error 
par  all  of  eJssht  arror  la  circa  by  Equation  (2)  or  figure  2.  The  arror  any  be 
corrected  with  the  HP  I adjurtaant  dial  by  an  aaoant  detcralned  free  IqiMtlon  (9) 
or  Figure  3. 

Sight  nlsai  igraentt  d op  and  on  (a)  the  flxad  orientation  of  the  eight 
with  reaped  to  the  airplane,  and  (b)  the  orientation  of  the  airplane  with  re- 
ject to  lta  flight  line.  The  latter  le  the  ancle  of  attack,  which  le  lnereaoed 
by  ft  decreaaa  la  either  dlee  angle  or  air  speed,  and  therafore  earlaa  con  older - 
ably  tinea  decreases  In  diva  angle  are  usually  accoapnnlsl  by  decreases  la  air 
speed.  Dlffarenoea  In  angle  of  etteck  aay  be  dot  trained  Iron  Xquatlon  (13)  or  fro* 
ths  noaogr.a  of  figure  5. 

If  the  effect  of  a eight  slenllgaaant  le  counteracted  at  eoaa  wean  value 
of  altitude,  dire  angle.  Mid  air  epead,  hy  an  HPI  adjuatasnt  A Tc  / 7c  . the  la. 
pact  error  at  another  altitude,  dire  angle,  aid  air  op  sad  la  the  algehrale  one 
of  that  due  to  (a)  the  difference  between  the  angina  of  attack  at  the  wean  value 
and  oeoond  value  of  dive  angle  and  air  ope  ad . (b)  tho  sight  error  for  vhleh  adjust, 
eant  was  aade,  and  <c)  *ha  A 7c  / 7c,  adjuotaent  Itself.  Xrrort  (b)  and  (e) 
are  le  oppoalte  d Ireotlone  and  partially  offset  each  other,  whoreaa  (a)  nay  affect 
the  rsault  oonnlderably  la  either  direction 


Vhes  the  tight  line  Is  below  the  flight  line,  such  greater  boablag  •«. 
curacy  1'  achieved  by  a fired  rendjuatae&t  of  the  tight- itself  then  by  an  MPX 
adjuo.aeat.  Under  eartala  ooadltlont  It  aay  he  advantageous  to  over  ad  Just  ths 
.tight  somewhat,  bringing  tight  line  above  flight  line,  and  correcting  the  re- 
sulting steal  f.gnaent  by  a ^ 7c  /7c  adjuttaent. 

IKTROD  iCTIOl 


la  tost  boablag,  the  flight  path  of  the  elrplaac  baft  re  pull-up  le 
ateueed.  to  bo  a collision  oouraa,  l.e,,  a strFight  path  directed  toward  the  tar. 
get.  Sines  the  flight  path  le  datnralned  In  prnctioe  hy  naans  of  a eight  which 
1*  kept  flxad  or,  the  target,  the  eotual  path  can  ba  a colllalon  course  only  If 
tha  class  constantly  filet  along  the  sight  line. 


Sight  altallgnasnte  aay  arlee  froa  the  fact  that  for  any  alrersft  the 
tight  it  tt*o»lly  adjusted  to  be  eorrect  for  eheotlag  of  the  an  chine  gune.  Thle 
rdjuetaent  le  net  sultoble  for  hoahe-^  « bombs  leave  the  aircraft  la  „ dlree- 
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tlon  tangent  to  the  flight  path,  while  bulletn,  because  of  their  high  nuxxle 
velocity,  Inti  In  the  direction  In  whlcii  the  gici  art  pointing.  Differences 
between  tha  slight  and  flight  llnaa  any  alao  occur  at  a result  of  variations  In 
the  angle  of  attack,  which  for  any  typo  of  plana  dopandc  on  lta  weight,  veleo- 
lty,  and  dive  angle.  Cha  error e resulting  fro*  each  eilenllgnaante,  and  Mama 
of  oorrcetlng  than,  for*  the  subj-ot  of  this  paper. 

- figure  1 repreeente  the  flight  01  plan*  and  Y>o*b  for  tha  ease  - in  whloh 
tha  lino  ef  flight  sake*  a constant  angl'g  ^ with  the  sl£ht  lino,  tha  eight  being 
kept  fixed  on  the  target  until  pull't*.  ft*  vectors  aarked  gf>  represent  In. 
etantaneoae  direct  lone  of  tha  eight  llneQ  directed  toward  tha  target;  tboea 
aarked  J , making  an  angla  9$vlth  tha  &"»veotore,  represent  tha  correspond lag 
iastantauaoua  direct  Iona  of  flight.  It  will  be  noted  that  the  path  A^O  1* 
ellghtlf  concave  upward;  It  would  he  coo  care  downward  if  0 had  tha  opposite 
■•nee.  for  wall  angles  . however,  v»i  f little  aaarlflce  of  accuracy  reeulte 
firm  aeeualng  that  arc  /^5  11  straight. 

It  A le  the  first  altitude  pcl&t,  the  values  of  dive  angle  (rt)  , 
tine- to- target  (7j  ) , and  airspeed ( yj  , which  are  fed  into  the  coap&ter  are 
deteratned  by  oondltlona  along  Ao  , aseualug  that  tha  diva  angle  gyro  la  align** 
with  recpect  to  flight  line.  Barring  other  errors,  therefore,  the  ralaaea  tine 
Tf  (*  OP / V ) will  be  so  dateralned  as  to  cause  n hit  at  , on  the  sxteasloa 
of  AO  • th>  eorreapondlng  slant  range  o H being  S * V ‘~Tn  Tha  h»T‘i- 

aaatal  lspact  arrer  due  to  the  alsallgtueeot  1 e J x 07~H 

The  angle  (p  le  considered  positive  whan  the  eight  line  In  above  the 
flight  lino,  and  the  error  £ positive  when  It  represents  .--A  lspact  beyond  tha 
target.  In  figure  1,  <f>  le  positive  and  A negative, 

mfAOT  BSBOR  RBSULTIMB  fBOW  31  og  hlSALIUMKC  T 

The  exact  relation  between  4 and  £ le  obtained  at  ones  by  application 
of  tb  ' sine  law  to  triangle  OH 

— § ~ S (fr/tUs^O^  - (j>)  - CkCCfrt  <p  ~ dot’  )•  (!) 

Then  l4l  la  snail  eovipared  with  o(  s **  elosa  approximation  le 

«f  * -S try.  -$f  4 - S o**,  tA-J 

^ iflw  in  radian*.  The  anount  by  which  (P)  ia  in  error  »s  co-roared  to  the  exact 
exnr«*«ion  (i).  1*  fflvan  nprro 
-in  to  1°  or  1 7 nils,  (8)  1*  ac 
within  1 CA  for  - lO0 


ripataly  by  the  retto  4/+  ; thus  for  A v»lu 
rrurnti*  to  within  ?A  for  as  rtnrl)  an  xfi . 


(b) 


uee 

to 


Figure  Plan  anniour  wt,  in  pol*r  co-ord  lr.-tex,  of  the  relation  be- 
tween S “nf'  dt  -orreejwnd  lng  to  sevora)  fixed  value*  of  the  ratio  — / ft 

being  the  impact  error  caused  by  algM  error  ^ The  corresponding  rac- 
fengul *r  nonrdinatea  of  nolnta  on  these  curve*  era  the  hortvontal  T»ngt(<^g ugolJ 
and  veeond  «:  tltude  ..  ft  » *.  : hano*  tha  curve*  any  ha  oonsldere  pleter- 

lally  ••  the  loel  of  upaiial  release  points  correspond  lng  to  give*  , tha 


oxxua 


target  being  at  th*  origin.  Th*  walu*  of-cL/ 6 for  a gir*n  rel«M  point  mmj 
'bo  obtained  bjr  Interpolation  between  eon  ascot  ir*  ourvos,  as  that  Vigor*  2 1*  la  on* 
mm  a graph  a*  a function  of  nlmit  point,  (ttrtul  other  Mt*w 

nap*  of  thl*  type  ara  lncl  txJad  In  thl*  paper. 

Ob  jcavartlng  (3)  to  r*«t*agal«r  ooerdlnataa.  It  bMoMi  apparent  that 
th*  ourwaa  of  Vigor*  3 nr*  aro*  of  *lrelsa  whlefa  p***  through  tb*  arlgin.  with 
Mater*  on  th*  w*rtloal  uli  aad  rad ii  / gC  . d>  being  la  rail***,  or 

-aoo  St  / 1*  nil  h*  note*  that  ■£*/<£,  1*  iadapeodaat  of  air  qp**d 

aad  pull -op  a oo*l oration.  ” 

According  to  th*  «xaot  aeuat  lot  Cl),  £ ^ 1*  act  anil  7 proportional,  not 
to  <p  , hat  to  l/TQ*t  & - Co&  &,).  which  differ*  slgnlf  ieantljr  fro*  ^ la  radlaa* 
whao  o<  and  / £/  ar*  of  oo^nrahl*  magnitude,  1.*.,  for  rwry  Malic*  or  wary 
largo  $ . The  graph  *f  Vigor*  2 therefore  haooM*  accorat*  for  All  r*i**«  of 
at  aad  <p  If  tha  *f**t  par  *11*  walaaa  with  which  th*  eorr**  are  lab *1*4  nr* 
coiiaidored  ••  Tuloa*,  not  *“*  of  -1000^ 

w»qio»  TO K 8I0P  wimioaioaff  n w»x  Aamswiqn^l  V.  /7E 


fh*  error  do*  to  noa-*olacld*nM  of  sight  aad  flight  line*  wo  aid  ha 
•lialn*t*d,  earning  a hit  on  th*  target  k'  (Vlg.  1),  If  th*  7^  wain#  fad  lata 
th*  ooaputer  w*r*  adjusted  to  oorreapond  to  a target  at  hi'  instead  of  H . Thl* 
would  **>in  a relative  lnor*a**  £ ~ A%. //c  ^or  * r*latt?*  d*or*aso  /7T.) 

VAT^  * H H'  ‘ ^ ATZ/Tc  * H rt'/otf 

Application  of  tha  *1bo  law  to  th*  triangle  H H'  W'  , sn  th*  u*m1 
asanaptlon  that  th*  parahollo  are  (S'  ha*  nagliglbl*  curvature,  plaid*  at  oao* 

\/ATc  ~ * cT  i £|j  ) / jUsr V (9^ 


- -cT  0 ■d^rv  <*> 


(3) 


/C  1 ^ ^ ~^~C  _ _ S & ChW-  &■ 

c~  S * ~S~~ 

<5  - «s  /©  oi  / 


o? 


# 


(«) 


_ / 

wh*r*  Si 
tlon,  m2 

0- 


1*  th*  angle  between  trajectory 


At/VPOl 


ot  <9^ 


aad  oolliaion  oooraa  at  thair  latarvao- 


+ Crt  ^ 


(6) 


Vara  ala  (4}  or  Its  equivalent  ha*  h*en  aacomtarad  la  rrtry  problaa  ln- 
wolwlng  oorrsotlon  of  nn  lapact  error.  Th*  wain*  of  Q>  In  taraa  of  5 , , <7 

and  («h*r*  K<*  *•  pull-up  *eo*l*r«tlou)i*  Upllad  la  K sport  0IL.9-106,  Iqua- 


• th*  aagatlw*  alga  la  (4)  hold*  only  wha*  d5c  raprasants  th*  *djusta«nt  r*. 
(alrad  to  offe«t  tha  arror  cf  . Vh*n  It  rapraaanta  that  required  to  pro- 
duco  th*  arror  g , tha  sign  of  tb*  right  a**b*r  *f  (4)  1*  posit  Ira. 


aroai 


tlaaa  (9),  (3),  onH  (6): 

® •£•*'« . y--T  r,n&  rrTiAih  - rrm  > u.*/a«  <*.> 

--'EZSJk: XL,. 

«.  (/>/v  -*  ^ <$ ; + <*  c^c  <*t  tw> 


**rt  /"  « K * C^-4-  <*,  «UVU. 


2 *u*v  C* 

latotltntloa  «f  (1)  late  (4)  glroa  tha  eorroetloa  ra%alrod  tt  «ffMt 


* giro*  tp  i 


Q>  — 
2 f - c*** 


o*^  6?j  +■  C>£  c* 

<>£  ^ ' C*£  cA 


(»> 


(a) 


Attain.  «hii  I tpl  it  saall  eo«^arod  with  a , a elate  opproaltiatloa  1* 

£c>®  4,  »e  „ 

(p 

tha  ooeuroej>  of  (9)  relative  to  (8)  1*  elallor  to  that  *1t»  U tho  etotaeeat  fal- 
lowing eaontloa  (a). 


A fomrnlo  to  (8)  trot  already  4ot1to4  1*  Kopart  OD-8P-4®  It  tot 

oo  nr  at  of  « ganrral  4 ta  eat elan  of  001(100. 

tonotloa  (9)  Mr  to  «ol**d  for  3 V oolrln*  (6b)  for {T  +3^  an*  col 04: 

♦to  faUtiama  * -S  [(nirrs  )*-l].  S'-  /3  V*  ft  <* 

On  ratal*  to 


tktri 

177kO*1?7k  ),!>*$. /I (w) 

llf»t  8 It  a oontoor  nap,  toaad  aa  (lo),  tt  6^  / & .to  aareaat-.ehan«£ 
la  7c  f *f  wiV.  0 1 tight  arror,  at  of  no  at  tot  of  role»ie  palat.  ►<  it  toll  eoattoat 
at  tha  mini,  tho  vtrlatlaa  off',  / 1}  vlw\  j<  tolac  («lti  mil.  fha  raaca  oat 
alt  twit  dad  at  lavnlva  t\  fa#V.vi  "jy  hvtoU  vvxUjr  often  /»»)  • knot*.  Xa  leoirl. 
saaa  with  (10)»  whlah  la^llto  tlvxt  1,  varfa*  aa  Y 4 tar  flsattf*/^  an*  .*  , tha 
jpaph  Mf  to  aaaA  fat  oair  »1 * ipaaA  1/  Y evtotiitttlaj-»«  ( v/seo  kaato)2  . At 
flO  tat  1)0  bate,  mi  y;  aaA  8,  ro%Mtlralf. 

ragSCTB  tf  l 183.4  kaato. 
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Ac  1a  th*  cm  at  of  Tlguro  8,  T lgur  • 5 inch  ttaasati  Inaccurate  for 
»arj  email  cK  or  rary  large  , bat  beoonse  accurate  for  all  2<  and  <£ 

It  the  par  ill’  figures  (Itw  are  considered  ai  Talus*,  aot  at  f /u 

bat  of  lono<Sc  (cut  $-CUt<*).  _ c / 


According  to  (9),  7\gure  3 nay  alao  ba  interpreted  at  a ooatour  nap 
of  tha  aach-used  funotloa  © . Then  uaad  aa  avach^  the  *£  par  all*  figures 
■oat  ba  reooarerted  Into  ’units  par  radian*  by  multiplication  by  .01/. 001  - 10. 
Tha  currs  marked  0.8JC  par  all,  for  example,  la  aa  wall  tha  loooa  of  <g>  * 8. 


figure  4 la  a ooatour  a*p,  based  on  (4),  of  ISc/&£  Jn » a fuactien  of 
ralaaaa  point,  being  tha  lapaot  arror  oorracpoading  to  tha  change  <SC  . 

Tram  figure  4 aay  bo  road  the  aeount  of  dlaplooaaaat  of  tha  Impact  point  par 
para  aot  ohenge  it  7^  , both  chang  aa  having  tha  jMft  algebraic  itm  - further- 
aora,  tha  reciprocals  of  tha 1 1 Iguree  on  tha  aurvee  rapraaaet  tha  par. 
cant  change  la  7c  required  to  offaat  an  eh  foot  of  larpaet  arror;  >nd  whan  ao 
Intarpratad,  cJ^  and  hare  opposite  algebraic  alma.  Tha  graph  la  of  a 
gsoaral  nature,  applicable  not  only  to  tha  alght  arror  probloa  bat  to  nil  prob- 
laaa  Involving  oorraotlon  of  an  lap  net  arror  by  adjustment  of  7c  The  air 
apaad  factor  ---  SCO  knots)  ^ la  Included  In  tha  range,  altltuda,  and 

ooatour  acaloa. 


by  comparing  equation*  (2),  (4),  and  (9),  and  noting  that 
( -c  /$)($/€*.  ) - $ / 1*  for  aay  glVM  ralaaaa  point  tha 

value  of  c,  , aa  given  by  figure  2,  la  tha  product  of  tha  values  of 

^ , m la  fiacre  3,  and  of  Sc/^c  "•  ln  *•  Tha  curves  af 

figure  4 have  bean  oonatroctad,  not  by  solving  (4)  for  S dlraotly  — thlo  would 
have  ylaldad  a aat  of  cublo  equations  — but  father  froa  figures  2 and  3,  by 
determining  points  of  lnteroaotlon  of  otrroa  In  figure  8 with  olreloo  of  appro- 
priate radii  alallar  to  thoaa  In  figure  2. 


TAHIAT10M  OP  AMU  Of  ATTACK 


Application  of  tha  {g-eeadlng  aaetlen,  and  of  figures  2 and  3,  re- 
quires that  tha  walua  of  tha  alght  arror  fur  any  apaolflo  case,  or  at  loaot 
tho  d Iff aranoa  between  values  for  two  apaolflo  oaaot,  ha  known.  Tha  effec- 

tive alght  arror,  howaarer,  dap  and  a not  only  on  tho  flxod  orientation  of  tha 
sight  with  reject  to  tha  airplane,  bat  alto  on  tha  angle  of  attack,  or  orienta- 
tion of  tha  plxaa  with  roapoot  to  It  a flight  line.  The  war  la  t Ion  of  tha  latter 
with  air  ^eed  and  dire  angle  la  appreciable  and  aoat  ba  taken  Into  aooount. 

Tha  angle  of  attack  <£)a.l»  given  by  tho  formula 


C W Gxv  c* 

V* 


(12) 


wharo  W la  tha  groaa  weight  of  tha  plane,  and  C and  « are  oonatanta  for  any 
one  plans.  Tha  walua  of  alao  dapaadt  on  the  oholaa  of  a rafaraaea  line  In 
tha  airplane,  and  for  purposes  of  calculating  * If  fersness  In  angloe  of  attack 
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* O with  as  la  as  of  generality! 


+ (1.) 

V* 

It  lo  fond  (OUT  *nr  that  c hoo  tho  nwi  mime  for  nil  planes  of  o nor  loo.  oo 

nui  pad  rm-io. 

Tho  aoaograa  of  figure  6 giree  U'i  relatlre  angle  of  otto  A <^<x-  . oo 
la  (13),  oo  a factlu  of  C,  Wj  V eat  cA  . Tho  onllbratloaa  on  llaoo  I.  IX,  H, 
oat  TI,  her#  booa  determined  from  raluee  of  loo  0.  leg  v,  loo  ▼,  oat  !«•  ct, 
royootlrol;.  Potato  oo  llao  III  horo  hooo  pre-do  torn  last  for  ooah  plane  at  Ito  aeala- 
*1  weight  o,  thoo  otrtutlai  tho  a so  of  llaoo  I pad  II  ah  soar  or  tho  gross  wolgfct  lo 
appro ziaaisly  aoolaal. 

llaoo  III  through  Til  hors  booa  so  opened  that  / aat  C(  msy  ho  stator od 
la  oltbor  ardor.  This  property  la  Illustrated  by  tho  example  appearing  oa  tho 
aoaoffraa.  Tho  point  oa  lino  V narked  ISf,  3Su  casts'  asgr  bo  jo  la  at  with  cor  oral 
point#  la  tnra  oa  11m  TI  to  obtain  <pa^  oa  llaa  TIX  for  tlfforoat  tiro  aatglra  at 
tho  flxat  air  opood;  or  the  polat  aorkot  W,  to0'  may  bo  Jo  land  with  potato  oa 
lias  IT  to  obtola  (f> a.  f*r  tlfforoat  air  oposta  at  tho  float  tlra  angle.  The  rel- 
atlro  ooaraaiaaoo  sf  tho  two  Mthoto  top  and  o on  whotfeor  oao  lo  Ooaeoraot  more  with 
TarlsUsa  of  <pa.  with  tlvo  angle  or  with  air  sposd. 

Assorting  to  (13),  tho  Pauls  sf  attack,  whllo  lot  op  oat  ant  of  raage,  1c 
laorswood  by  a decrease  la  oltbor  air  opoot  or  tiro  angle.  loaoo  tho  not*  of 
variation  la  <Pq^  for  way  glrsa  plaao  la  vltaaed  by  tho  foot  that  t oar  on  oo  ^ la 
tiro  sails  aro  la  praatloo  Banal  ly  aeooopnalat  by  dear  a*  oao  la  air  sposd . 

trmw m .9*  rvm 

Tha  prooatlng  oootloao  suggest  too  alternative  Mthodo  of  correcting  for 
eight  al  tall  Haas  ot  at  a tlra  runts,  tiro  n«le,  sad  nlr  opooti  (a)  d tract  ad  Jus  t- 
aaat  of  tbs  J&gbi  until  flight  aat  sight  llaoo  oolaolde;  or  (b)  Integrator  ad  jus t- 
aoat,  l.o,,  otsatftt  Ti  >7  » pereentege  tat  oral  aad  fro*  Figaro  3. 

Tho  adjaataoat  required,  howoro r,  4 span!  a la  althor  oaos  on  tho  ralooo 
of  aat  Y , ant  la  oaao  (b)  oa  £ a*  wall.  (Laos  it  la  not  foaolblo  to 
aatro  frequent  raadjna  taonta  of  althor  typo  la  nay  oao  pinna,  la  practice  a fixed 
adjustment  «rast  bo  nndn,  such  ns  would  eooplntsly  off  sot  tho  sight  orror  at  aoao 
ohonon  interned l»t*  er  aodnl  mluo  of  ^ , oA  , *od  l/  . At  othsr  raluas  an 
lacnct  orror  will  gnnernlly  result,  the  magnitude  of  which  depsadn  on  tho  method 
uood  — n fixed  sight  adjustment,  a fixed  integrator  adjustment,  or  ooas  combina- 
tion of  th*  two.  Tho  aont  officiant  aothod  in  of  coirao  tha  ona  which  minimises  tliia 
impact  dlspsralon. 

Tho  followlag  oxmpla  lllnatrntaa  tha  results  of  a fixed  Integrator  »d- 
JasBaent:  The  sight  Installed  la  an  Tfl  plaao  at  nominal  weight  (11,000  lbs.)  t« 

aloallgaad  by  -30  alia  at  slant  rnago  J * 7500  foot,  dire  angle  a.  * 40°,  nod 
nlr  spood  V ~ 380  knots.  A fixed  per  oao  Uad  Juste  art  in  T i*  ende  in  nn  amount 

• As  obtained  from  OSU)  laporta  2264  (CIT/OKO  3),  3271  -227S  fCI?/l*C  4-fi' 
as«2  (Cir/»C  26),  and  2347  (CIT'JWC  36). 
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»t  aaffiqlaat  to  off  act  the  -20  all  eight  error  at  ( 5 , <*  , V ),  oeutlag 
i hit.  It  la  uaalrod  to  determine  tha  raeultlng  lapaet  arror  at  alamt  rang* 

^ « 13,000  f*et,  dlra  angle  sl(  - 60*.  aid  air  apaad  V, 1 375  kaote. 

Frcs  Figure  3 tha  repaired  perocet-adjuetnant  la  ~£T  par  all  at  7000 
faat,  40°,  aad  SCO  knote  (Point  p ) la  £C/^»0.7J(  par  ell.  ae  that  for  4#*  -00 
alia  tha  fixed  adjaataaat  la  &c  - -16.0^1,  la  othar  word*,  under  thaaa  aoadltlaaa 
a lBjt  daeraaaa  In  , by  Itaalf , would  dlaplaoa  tha  lapaet  point  by  aa  Meant 
eqaMl  and  oppoalto  to  tha  dlaplaeaneat  which  would  r a cult  froa  a -20  all  eight 
error  aloaa. 

At  another  ra|i,  dlra  angle,  aad  air  apaad  thaaa  two  dlaplaoaaaata. 
while  oppoeltaly  dir  act  ad,  will  generally  ha  oa  equal  In  aagnltude;  aad  la  addi- 
tion, tha  angle  of  attack  will  g*n*c ally  ha  different.  Thu  tha  lapaet  arra r 
at  ( Si  • c*.  * /,  ) will  to  tha  algabralc  won 'of  three  dluiaoaaant  aoapanaatai 

(a)  thi  difference  4 4tx.  hctvcco  tha  angle*  of  attack  ot  ( 3 , 1/  ) and  (a,,  ^ ) 
1*  a eheage  In  eight  arror  ^ad  therefore  ocuti  an  lapaot  dltplaeaaaatci'(r  ; (b)  tha 
original  eight  error  -30  alio,  by  Itaalf,  would  rcjult  la  a pealtlr* 1 beyond - 

target)  lapaet  error  1 (e)  tha  adjustment  <£c  - -16)1,  by  Itaalf,  would  glr*  a 

nag* t Ira  (chort-of- target)  error  ^ , 

(a)  Tha  dlffarenea  In  angle  of  attack  ladataralnad  froa  Figaro  8.  For 
aa  FdF  plana  at  aoalnal  weight,  thla  no  no  era*  girea  ^ * 14.9  alia  at  <5  » 40*. 

V = 380  knot*.  and  8.8  * alia  at  <4.  - 80®,  V,  • 376  knot*.  Hane*  A * -8.4  alia 
Bat  froa  Figure  3,  at  d,  * 80*  and  S,  • 18,000  faat  (Folnt  Q),  - J 7 & m a bant 
14  faat  par  all.  an  that  the  lapaet  dlaplaeaur*  do*  to  ebnnga  la  angle  ef  attack 
1*  <£.  r /90  faat. 

(b)  Froa  thla  aaa*  ratio  -£,/<}  *14  faat  par  all.  It  follow*  that  tha 

-SO  all  eight  arror  la  Itaalf  eauaa*  aa  lapaet  error  ^ - -/380  foot. 

(o)  Finally,  at  13,000  foot,  60*,  aad  378  knot*,  tha  miu  *f^£/<Sc 
any  be  read  froa  Figure  4.  A*  there  defined,  7)  « (378/360)  A«  1.148,  *0  that  at 
3TB  knot#,  ,13.000  faat  a JJLQOQ  * a = 10,460  n faat.  Th*  polat  <\  dataralnad 

ty  thla  alaat  rang*  and  drill!  dlra  angle  liaa  batvaaa  tha  ourea*  aarkad  10a  aad. 
19b,  allghtly  nearer  the  latter,  ao  that  approx  laataly  St/^c  9 13(1  * lt,9  ft. 
par  %.  The  -16. 0)1  adjutant  la  JL  tharafor*  dl^laea*  the  l^aet  point  by  abeut 
t -330  fut. 

Tha  raaaltaat  Impact  error  at  ( 5(  , at,  , V,  ) !•  than 

<£  + * 4 --  /*>  /290  -230  , /1B0  faat;  (14) 

1.*.,  the  Vat  nay  ba  aspaotad  to  fall  180  fut  bayoad  the  target  under  the  giro* 
aoadltlaaa. 

Fh*  effect  of  aagl*  of  ottaek  variation  aajr  bo  aaaa  to  bo  of  oonoldarobl* 
laportana*.  If  ^ war*  neglect  1 la  thla  axaapla,  (b)  end  (e)  alona  would  yield 
a*  lapaet  error  of  /80  foot,  or  only  4f><  of  that  given,  hy  (14).  Quit  a oftaa  area 
the  algebraic  alga  of  tha  ratal tant  error  U changed  by  thla  affect. 

• Sat  era  In  ad  by  extending  lln*  Til  ani  using  lower  oxtenclen  coal*. 
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Aeoordlng  to  the  vord ing  of  the  hypothesis,  this  example  «*y  at  first 
appear  to  typify  only  tha  Integrator  ail Juetmsnt  aethed,  But  If  tho  original  mis- 
alignment ware  glrao  oot  aa  -30  bat  as  -30  alia,  of  which  10  mile  were  oorrectcd  by 
a eight  adjustment  and  the  balance  by  an  integrator  adjustment,  the  eolation  would 
be  Identical,,  yet  tha  problem  would  appear  more  general,  Involving  a combination 
of  eight  and  Integrator  adjustments,  f fhe  above  sraaple  lllaatratea  the  wet  hod  of 
determination  of  the  art  mt  to  which  a fired  adjustment  faUa  to  offaat  a eight 
aleellgnaent  at  ranges,  dire  angles,  and  all*  epaeda  other  than  tha  centrrl  Telus 
for  which  the  adjustment  la  made.  The  mode  and  extant  of  Tarletlon  of  thla  re- 
sidual lepact  error  with  range,  dire  angle,  and  air  speed  Is  Illustrated  In  fig- 
ures S,  7 and  8,  for  both  tha  eight  and  Integrator  adjustment  methods  and  various 
combinations  of  tha  two.  In  these  graphs  are  plotted  the  revolts  of  fixed  ad- 
justments ae  determined  as  to  eliminate  completely  the  effect  of  the  eight  error 
at  the  modal  Taluaa  5 * 750f-  feet,  o * 40  , V r 830  knots,  aa  la  the  example 
above.  They  are  baaed  on  figures  2-3  and  on  the  formulas  underlying  them.  Im- 
plantation of  tbs  derivation.  Interpretation,  and  use  of  figures  8.  7,  and  8 follow* 

*1  c*  t«  and  V - V s let  <p  be  that  portion  of  the  original  eight  error 
which  remains  after  any  direct  eight  adjustment  Is  tuts;  <f>  1*  then  the  error  to  be 
offset  by  an  Integrator  adjnstaent.  If  this  latter  adjustment  consists  of  m change 
In  Tc  ln  the  retie £c  , then  by  (fl). 

£c  ~ 0 0,  (18) 

where  (£,  le  the  value  of  <g>  whan  <^aoT-  V*  V . As  determined- In 

the  example.  <0  s 0.78)1  per  all. 


At  any  other  value  of  S . &■  » mad  V , the  error  S on  the  ground  oon- 
slete  of  three  oo^oneets  analogous  to  those  lettered  (a),  (b).  (c),  la  the  example 
above:  la)  2/  (2)  and  (13),  the  l^mct  displacement  Cue  to  change  ^ (p  la  angle 

of  attack  le 


- ' 5 A 4^ 


SjCW  fes-a.  c*  _ & \ 

* V/A  ~ ~\TX  ' 


(l8e) 


where  C » vJ  . CA  and  \J  are  known  oonitantr,.  (b)  Agalm  by  (2),  that  due  to  the 
swdal  eight  error  <p  alone  la 

~ ' ^ ■ <f>  G-d-c.  (i6b) 

f’e)  by  ( 4)  •nd  (15),  th*t  due  to  the  integrator  Krfju«t»«nt  <£  tloat  it 

c 

ic  * ♦ S«L  /®  o<  - + S <?  C4 K.  oi  <9/®  (15  e) 

The.  rerc'tnr.t  e*ror  £ ie  t be  sum  of  (lfia),  lldb),  »nd  (16c)  : 

S = + Sp  + <£c  5 s ®/®i ] (17) 

where  t*  a *aBCtlon  of*  V . •»*  <8>  1»  » constant. 
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When  the  entire  oorr  action  la  node  through  i,  alcfat  edjue taunt,  than 
t>  ~ O end  henoe  c\  j aa  f ir  *n  by  (16*).  Tlgur*  6 ia  a crntoor  mnp  of 

• a a fun ot Ion  of  releaee  point,  for  air  tpeeda  *0  i 36  knot  a,  for  aa  W plane 
(at  nominal  weight)  wt«ae  ilght  1#  ndjaated  for  a,  a 40'-  and  . v * *0  knota. 

It  will  be  aotad  that  tha  oarree  for  any  oaa  air  apeeA  ^rproeeh  pirellallee  it 
the  direction  eorraapoad  In*  to  tha  diva  angle  ot  for  whioh  0<i  * c •*  that  air 
opoed  — l.a.,  for  which  Coc.  »/  y\ceo40°/(&0  knota)3.  While  Ocaatrmotad  oa 
tba  bail*  of  f ST  data,  tha  orrora  glrea  by  figure  6 ara  aocnrate  to  within  Vft 
for  tha  3B2C,  and  to  within  16^  for  tha  TW  «ad  T40.  Tha  actual  walaa  of 

for  any  typo  of  plaao  la  obtalaabla  froa  figure  6 and  tha  relation 

s*  ' ^(rin  cvAnrwr^, 

which  follow*  froa  (16a)  . 

Whan,  on  tha  other  fernd,  part  or  all  of  tha  eerraetlen  la  aada  thro  nth 
an  Integrator  adjustment  f£c  ) , £ ia  tha  an  of  thla  ^ , aa  platted  la 

flgur*  6,  and  an  error  Ad  « gu  + «c  * $ 4 Cm.4(~1  * ©/  proportional  to 

whioh  would  result  if  angle  of  attack  ware  oonatant.  Tha  mount  of  thla  eeoond 
error  par  all,  l.a,,  4 £ / $ la  platted  plotortally  In  figure  7 aa  t function 
of  ralanaa  point,  again  for  air  apaada  380  + 38  knota.  Tha  380-knot  cures 
narked  A & / d)  - O la  of  eowaa  ldentlerl  with  that  surra  tha0fanlly  of 
figure  3 which  peases  through  the  paint  3 * 7800  feat,  o<  » 40  , v*  * 380 

knota,,  and  la  therefore  the  loena  of  6C  /$*  (§  a O.TBfll  par  nil. 

Tha  realdanl  error  <p  far  the  general  aaea  la  given  by  tha  oaa  of  tha 
or  rare  aa  given  In  figure*  6 and  7,  tha  lattar  bain*  n function  of  tha  a’ght  nla- 
ellganent  p to  whioh  the  Integrator  adjustment  la  applied.  Whan  tha  elgM  ltaalf  ‘ 
la  adjuatable.  H any  ba  glraa  any  pra-datamlnad  ralaa  by  aattaa  of  a orallnlnary 
eight  adjustment.  figure  8 la  a aat  of  contour ■ of  £ , obtained  by  oanblnlag 
figure*  8 and  7.  for  different  ralnca  of  $ between  -31  and  /30  alia.  The  acala 
la  tha  taaa  aa  In  flguree  6 and  7,  bat  range*  end  d Ira  anal ea  ewtelde  tba  aaat 
probable  operating  llnlta  * ara  exolndad  In  order  to  facilitate  analyala  of  tha 
arrera  likely  to  ha  encountered  In  praetlee.  Tha  oantral  graph  (a),  which  la 
for  <p  s.  0,  la  Identical  with  flgur*  6,  except  that  tha  eortonr  lntarral  need  in 
Tlgcra  * la  80  feat. 

Tha  ooaplete  eolation  of  the  above  azaapla  la  obtalaabla  froa  figure# 

3,  7,  and  8.  Tha  paint  Q la  figure*  6,  7,  end  8(a)  repraaaate  ( S,  » 13,000  foot, 
<*,  s 60°).  Interpolation  between  coneecotive  terror  oarraa  for  v{  • 378  knota. 
pith  i>  % -30  nil*,  glraa  respectively  £ ~ ^90  feat,  A S a f £c  5*  (-3 

feat  per  all)  » (-80  alls)  - fbO  foot,  g 55  /IBO  foot,  la  exaot  agroaoaat  with 
tho  oolntloa  (14) . 

A atody  of  figure  8 ahoda  ouch  light  on  tha  relatlre  narlta  of  tho 
eight  odjoataeot  end  Integrator  adjuatneet  aathoda  and  of  various  er,nbln*tlona 
thereof.  Tha  ganaral  treed  of  figure  8 nay  ba  predlotad  froa  figures  8 awl  7. 

• Tha  operating  Unite  aaaunad  bora  era  ea  follow*:  Mlalaaa  dir*  eagle  30°,  alal- 

an  aleat  range,  4000  foot;  aaxlaraa  dire  angle  60°,  aaalaoa  aaooad  altitude  10,000 
foot,  end  nwtlaua  *)*nt  r»nre  that  whioh,  -accord leg -to  8 apart  OU. 87-108  (Tig. 2) 
weald  cor  reaper*  to  lOCV-foot  borlroatel  error,  at  1*80  knota  fey  Hod  -0  bank  director. 
Tha  point  p ( r,  - 7800  ft.,  y - 40°)  la  oloae  to  the  "ooatar  of  grarlty*  of  thla 
operating  region. 


r* 

Vhau  either  CH  or  1/  increases,  according  to  M(ttr«i  5 end  7,  e)^,  UerwMi, 

whereas  4 ^decreases  or  Increases  according  as  <X>  la  pool  tiro  or  negative; 
these  two  orror  components  tboroforo  partially  of f •#»  oach  other,  o>»  reg-rd • 
variation  with  cx.  and  V • when  tp  la  positive,.  tat  increase  tho  total  orror 
whoa  la  ukcIIt*.  Thle  observation  la  borne  out  quantitatively  tp  figure  8. 

.At  tp  - -30  alia  (figure  8a)  tha  corroc  ara  den  Ml y packed,  indicating  wida 

▼ar  la  Hon  of  roaldoal  orror;  within  tha  operating  llalta  and  for  ? 28  knot  varla- 
tlaa  la  (/  , & la  seen  to  »*»7  approximately  between  -300  ana  /ISO  foot.  Ae 

0 lnoraoooa  tho  evvao  baeoaa  •parser,  until  at  (t>  ~ /20  (figure  8a)  *f  be- 
aaaoa  practically  lndspenl  es»t  of  air  speed.  At  <p  * /10  alia  (figure  *d),  while 
taint  aomewhnt  aora  dependent  on  air  tpeod,  <f  la  limited  to  £80  fa  at  throagh- 
oat  alaoot  tha  ontlra  operating  region  and  at  a final  slant  rura  aaaaa  to  to 
alaoat  lndapoodant  of  Tha  co  rra^onl  In*  Tor  lit  Ion  at  <p  i o (figure  8a) 

la  aloe  between  tlia  llnlta  of  i 60  faat,  nod  aora  indcpaaawut  of  slant  rua^a.  In 
all  thrao  ourvse  (o),  (d)  and  (a),  tha  worst  rror  conditions  ooonr  in  tha  vicin- 
ity of  83°  and  oaxlaon  range,  tha  ooit  foiling  abort  by  an  amount  which  approaches 
lOi)  foot.  Those  rasmts  would,.  of  course,  be  altarad  aoaawhot  If  different  val- 
ues of  S , C*  , end  1/  wars  asad  1*  tha  adjusts*  t,  tat  tha  general  trend 
would  to  entirely  stall  ar. 

oopq.uaioyg 

Alroraft  whoso  sights  ara  adjust  ad  to  to  correct  for  sachlne  gum  was 
ha  vs  sight  mioal  lgnmeats  which  average  a to  at  -30  alia  for  toea  boating.  In  wlaw 
of  figure  8.  correction  of  arroro  of  aaoh  magnitude  by  m«R2.e  of  an  XPI  UJ7 c /~J£ ) 
adjoataont  a- one  la  highly  lnadTlaatla,  aa  this  a»th*d  aakao  tho  lwigct  point 
▼ary  sensitive  to  ahangwa  In  range,  diva  angle,  and  air  apasd.  Adjuataant  af 
tha  sight  ltsalf  triage  nosh  aora  toablug  accuracy  within  wide  Halts,  and  aaaaa 
to  g Its  aa  adjueteent  roughly  lndeperient  of  slant  rirvgs. 

Squally  favorable  result  s,  hover  ar,  nay  be  achieved  If  a eoa’olnatloa  of 
sight  and  Integrator  adjustaanta  la  read.  In  this  astriod  tha  sight  la  ovar- 
ad  last  ad  until  nlnallgnad  by  about  /10  to  /X  nils,  and  this  cleallgnaaat  la  in 
turn  oorraetad  by  an  KPT  adjuataant.  The  optimal  eight  adjuataant  dorsad*  on 
tha  choice  of  - modal  vain#  ofS,o>  , and  V , tut  yhan  thaaa  ara  7B.X5  fast,  40°, 
sad  860  knots,  the  alnlaua  variation  of  lapact  error  with  dive  ««!«  is  rarohed 
at  aa  ovaradjustaant  of  apprssl-atsly  -10  alia;  wish  air  spa wd  at  approxiaatsly 
/SO  alia;  and  with  slit  range  at  appro xlaately  0 alia  (sight  adjuataant  alona). 

Tha  offset  of  this  eonblnad  adjuataant  la  to  effect  tho  offoot  »f 
change a In  angls  of  attack  by  naans  of  an  Integrator  adjustment  aa  determined  aa 
to  counteract  each  variation.  An  addltleral  advantage  of  this  aotbod  lias  In 
tha  fast  that.  In  practice,  etanpar  divas  are  generally  accompanied  by  p,-»— 
air  apaada.  8 loo*  an  Increase  In  althar  dire  angle  er  air  spaed  In  era*  sec  the 
error  don  to  changes  In  vagi e of  attack.  It  follows  thmt  a eight  adjustment 
alona  would  neke  tha  lnpaot  point  doubly  sensitive  t*  changes  in  at  or  V . 1>» 

combination  method  reduoes  the  variation  of  £ with  both  <7!  and  V , However, 


* Inapt  for  aaall  diva  angles. 
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If  tk»  a lata  lotion  of  tha  variation  of  S with  olatd  raaga  at  fi*ad  valuoa 
cf  <*  •**  v la  MMllcrtl  aora  Important,  only  tfcn  olght  adjantacat,  l,«„ 

(f  * O • >a  udi. 

»h*r»  ebolM  of  *adal  valoaa  J , ^ . V . ahowt  which  tha 
MJwtinti  ora  to  t«  soda,  appear  a to  ha  aatltfaetarlly  aaetral  lead  with  re- 
•P®**  *•  «*»al  optrttfeaal  Unit  a.  Aay  Iktmh  la  .§  holow  7800  foot  wawld 
■oko  poaltlr*  nl^i  of  / 5$  (figure  7)  conoid  arably  aoro  prohoblo  than 
amtiT«  value  tg  »ai  > slight  iasoaw,  perhtp*  to  8800  foot,  wo  mil  /told  a 
■uutwt  hotter  halaaood  distribution  of  arroro. 

!•  ?*oeti«o(  however,  greater  acsmraay  Is  tho  tight  adjustment  la 
aekiaved  at  dort  r*aget.  Blace  angle  of  attaok  la  ladapad «at  of  mage,  atu 
Jastaant  of  tho  sight  at  «i  , V . and  a range  lota  thaa  5 weald  nat  affoat 
'he  remit.  7 ha  »i  adjustment  ( d 7J  /7c  ) ooald  thaa  ho  made  at  5 , <*  , 

and  y . 

Jt  It  alas  reeoamaadad  that  this  00  UM nation  aothod  of  tight  aorrao- 
tloa  ho  toatad  in  tha  f laid J to  dotoralna  tho  agreement  of  theory  and  praotioe 
at  dlfforaat  walttot  of  d . Ia  any  auah  taota,  howarar,  00a  awatloa  la  ho- 
llawad  to  ha  la  order.  Tha  impact  arrora  with  which  wa  ara  fcsre  eoaoaraad  ara 
Ooanarahla  la  aar^ltidd  irlth  arrora  duo  to  rush  frctore  to  pilot  aiming  mad  -hi. 
waa  of  approximate  ip  -functions.  A aiffarenoe  hotwoaai  two  observed  it^ast 
arroro,  for  the  aat  piano  under  dlffaront  oondltlona,  will  ho  upproxlnately  free 
of  oonpoaoata  4a  a t»  othar  factors  and  It  thtraforo  nun*  aoro  ral labia  far  thla 
parpcao  than  any  ilaglo  jb  so  lute  obtor.’ad  error. 

faaulta  of  thla  tnalfala,  furtlmraora,  de-onphaalro  tha  aoeosolty 
•*•**  allgnnmt  of  tho  flight  and  tight  llnot.  Aa  approximate  alia** tat  will 
gmaarally  tuff  lot  prorldtd  tha  arror  ia  oa  tha  a Ida  of  over -adjustment,  which  la 
whoequently  oorraotad  through  am  KPl  adjustment. 


8.  1.  Lmehambruch 
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Spatial  Oont^j.  0f , 

MPI  ADJUSTUINT  (^.),  I.E. , PERCENT  CHANviB.  I:.’  EIUE  TC  TAr.  j 71 , WIRED  TO 
Or?aZT  GIVE N SIGHT  ERROR  (tf) 


(Rango-divo  anal*  contour*  of  oanotant  ratio  £,/*£) 

/ ' 

It- 3 (911  girt  ItpMkittf  an  Jf) 


▼ air  opood 

«-(T/3BOknoWr 

JbKo  tMti 

& 

ISO  knot* 

1 

800  knot# 

a 

ALTITUDE  * IT?  KIlJj:?S?r 


Dirr 


Spatial  Cor.to  it  aj  of 

H0RIXNTA1  Ilv.-Vw.  JTi  ^ i :- iS  I rfVR  » SRCt'.T  QHArKE  (c  ) T'-; 

71 UE  'TO  T^r  -Kf 


m&*  »w%ttr>  «f  ?***#  4/€t) 


5^$  - *5 


AL7IT0DJC  IX  KILOFKT 


L AT  I VC  %±L_  «;  r y^IXACN 

FOR  DETERMINING  CHAS/O'ES  IN  i ANGLE  OF  ATTACK 

500  EXAMPLE • FOR  fsf  Plane  vmth 

. ; its  nominal  weisHT  of  1*400  lbs., 

(i)at  350  knots  (dot- dashed  lints),  _ 
ft  z 14.9  .MILS  WHD<  •<  1 -40* 

IS  9 MILS  WHEN  «~30) 

p-3«l  hence  decreasing-  cive-  ahgl£ 

/it.io-im  --450  rr.on  40*  to  30*  increased  angle 

/ . . OP  ATTACK  &T  2.0  MILS: 

/ IttooL.  (2lAT  40' PIVE  (solid  lines'), 

I ..  ^ =H.9  MILS  WHEN  V3S0  KNOTS, 

Ztt4  MILS 'WHEN  V*300  KNOTS; _ 

/ --  HENCE  DECREASING  A/R  STEED 

, --i/Y'i  FROM  350  VO  300  KNOTS 

/ ^ ,, A 1NC!TCA3E5  ANGLE  Of 

, " ^o.v  ATTACK. ET  5.5  MILS. 

1 -■  ♦/  ^ 


IP-38L 

417, Z°*  l*» 


r-5i< 

(9500  ^W. 


.VJ 

/ a . 

S'  1- 


IF40 
/fn.,000  .•»» 


SMC 

iS/XKMk.,, 


4Cf  ''&* 

TN-  <„ 

i- 


% 

5t f Ffr 

\o. 


P-5IK 


00  I J- 

s-r5 


Jfm 

(750c  »**. 


Q--<;c 

When  weight  op 

FJNE  DIFFERS 

FROM  NOMINAL  • 

WEIGHT  AS  GIVEN-- 
ON  UNL  HI,  DETER- 
MINE  NEW  POINT 
ON  HI  BY  JOINING 
APPROPRIATE  POINT 
ON  I WITH  POINT  _ _70 
ONI  REPRESENT- 
ING CORRECT  WEIGHT. 


^ P- 

N%,\< 


Socg 


Spatial  Contour  Lap  of i 

aoniio:  lAi.  xmcrr  swor  (6a)  aK;.:,^K  sron.  cha-.ue.  r.  ,.:«ii.s  ok  f.rcr.-sv, 

Vi.  E SlOrfP  15  PROFHUit  A.  CIV-  VMX-i  40°  /.J'L  Al?.  SPETCD  350  KNOTS. 


(Ranc^dlve  anclo  oontouro  of  oonsiart  ?3  indloato A) 

AIR  8 PESOS  POP  Ploao 


18  10  8 TARGET 

IWRIiOHTAL  RANGE  ® ULOrE.O’ 

Plgure  6 


Soc # -17 


Dm  HEIM 


figur*  7 
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